Abstract: Proteoglycans were localized immunohistochemically in the dermis of Donryu rats, using monoclonal antibodies raised against large proteoglycan (PG-M/versican) and small proteoglycan (decorin). The localizations of these proteoglycans in the dermis were compared between young rats (22-day old) and old ones (24 or 30 months of age), and distinct age differences were observed. In the young dermis, PG-M/versican was observed to be abundant in almost all fibroblastic cells (both cytoplasm and cell processes) whose cellularity was very rich compared with the dermis of old rats. Decorin was only faintly visible in the interstitial fibrous elements of young dermis. In the old dermis, however, decorin was distinctly detected on the fibrous elements, which were diffusely distributed as a fibrous network, and likewise PG-M/versican was visible in only a few fibrous elements which seemed to be the fine processes of fibroblastic cells. In the border layer between epidermis and dermis as well as the basal layer surrounding hair follicles, both large and small proteoglycans could be observed in old dermis. Since decorin, which was abundant in old dermis, has been found to have a growth inhibitory effect, it is conceivable that decorin may be one of the Cell Growth Inhibitory Factors in aging as proposed by Tauchi et al. [17, 18] .
Introduction
Proteoglycans are known to be macromolecules with a core protein to which one or more glycosaminoglycan side chains are covalently linked. The molecules are major components of the extracellular matrix and tion area of chick limb buds [5] . It was designated as "PG-M". Later, a large interstitial proteoglycan, versican, was detected from human fibroblast cultures by Zimmermann & Ruoslahti [20] . Recently, Shinomura et al. [11] found the presence of alternatively spliced forms of the PG-M core protein by cDNA analysis, suggesting that versican is one of the multiple forms of PG-M. It has been shown that the interstitial elements of many kinds of malignant tumors contain a large amount of PG-M/versican [2, 3] . Small proteoglycans have relatively small molecular size with a core protein of ~40 kDa, which contains 7-24 repeats of leucine-rich amino acid sequence motifs. Decorin, one of the small proteoglycans, having only one glycosaminoglycan of either chondroitin sulfate or dermatan sulfate, is found in most extracellular matrices and presents widely in tissues rich in collagen fibers, covering the surface of collagen fibrils (see Review [19] ).
To date, monoclonal antibodies against each type of proteoglycan have been developed, which have facilitated the detection of their precise localization in various tissues. Sobue et al. produced a monoclonal antibody against a large proteoglycan (antibody 2B1) [12] and one against a small proteoglycan (antibody 6B6) [13] . Recently, Isogai et al. showed that the antibody 2B1 reacts specifically with PG-M/versican [2, 3] , and that this antibody recognizes all four splice variants described by Shinomura et al. [11] .
In the present study, the exact localization of large and small proteoglycan in the dermis of rats was examined, and age-related differences in the interstitial elements were investigated.
Materials and Methods

Antibodies:
The antibodies used in the present study were: (1) monoclonal antibody 2B1 against the large chondroitin sulfate proteoglycan purified from a human yolk sac tumor [12] ; and (2) monoclonal antibody 6B6 against the small chondroitin sulfate proteoglycan purified from the capsular tissue of a human ovarian fibroma [13] . The antibodies 2B1 and 6B6 were obtained from Seikagaku Corporation, Tokyo. The antibody 2B1, identified as IgG1 (κ), reacts specifically with the core molecule of large proteoglycans. Isogai et al. have confirmed that the antibody 2B1 recognized all four splice variants of PG-M, including versican [2, 3] . The antibody 6B6, identified as IgG1 (κ), reacts specifically with the chondrotinase ABC-treated core molecule of small proteoglycans. This antibody was found to cross-react with small proteoglycans derived from different human tissues [14] .
Rats: Donryu rats of both sexes were purchased as weanlings from SLC Inc., Hamamatsu, Japan and were maintained at Aichi Med. Univ. aging farm for researches on experimental gerontology. We used the Donryu rats whose basic data concerning growth, aging and longevity have been proven in our Institute [4] . These rats were housed in a specific pathogen freeroom at a room temperature of 23 ± 1°C, humidity 55 ± 5% and 12/12 hr lighting cycle throughout the experimental period. They were given laboratory animal chow (CE-7, Clea Japan Inc., Tokyo) and water ad libitum. Six rats of both sexes were sacrificed by ether overdose at 22 days, 24 months or 30 months of age. The dorsal part of the skin by the spinal column was fixed in glacial acetic acid 1% (v/v) in 95% ethanol at 4°C for 12-24 hr. The tissue specimens were then dehydrated in an ethanol series of ascending concentrations, embedded in paraffin wax, and sectioned at a thickness of 4 µm.
Immunohistochemical and histochemical labeling methods:
To label antigens with 2B1, deparaffinized tissue sections were pretreated with trypsin (Worthington Diagnostic Systems, USA) at a concentration of 5-10 µg/ml in 0.01 M phosphate-buffered saline (0.8% NaCl) (PBS) (37°C, 30 min).
All the enzyme-treated sections were washed in PBS, soaked in methanol containing 0.3% v/v H 2 O 2 to inhibit the activity of endogenous peroxidase, washed with PBS, and then allowed to react with normal goat serum (1:100 dilution) for 20 min, followed by reaction with a diluted culture medium (1:1000-5000 dilution) containing monoclonal antibody, 2B1 or 6B6. Following reaction with an antibody for 1 hr at room temperature, excess antibody was removed from tissue sections by washing with PBS. Bound antibodies were subsequently labelled with biotinylated anti-mouse immunoglobulin and peroxidase-conjugated streptavidin (StrAviGen B-SA immunolabelling kits, BioGENEX Laboratories, Dublin, CA, USA). After washing again with PBS, tissue sections were incubated in 0.05 M sodium acetate-acetic acid buffer (pH 5.0) containing 0.02% (w/v) 3-amino-9-ethyl-carbazole and 0.014% (w/ v) H 2 O 2 , and allowed to react for 5-10 min. Sections were finally counterstained with haematoxylin, and mounted in glycerol-gelatin solution (a 1:1 mixture of glycerol and 20% gelatin solution). Positive controls for 2B1 labelling were sections of the original yolk sac tumor tissue [6] or breast cancer tissue [7] . As negative controls, normal mouse serum was employed for the reaction instead of primary antibodies. The areas reactive for antibody 2B1 or 6B6 were not labelled when tissue sections were incubated with the culture medium containing both the antibody and antigen, which had previously been incubated at 37°C.
Enzyme-linked Immunosorbent Assay (ELISA):
A Nunc-Immunoplate Maxsorp (Nunc, Roskilde, Denmark) was coated with bovine decorin and bovine biglycan (Sigma, St. Louis, MO) at 50 ng/well and maintained overnight at 4°C followed by washing three times with 20 µl of 10 mM phosphate-buffered saline (PBS), pH 7.4. After blocking nonspecific sites with 200 µl of PBS containing 3% bovine serum albumin (BSA: Bayer, Kankakee, IL) for 60 min at 37°C, the wells were incubated with antibody 6B6 or antibody 2B1 serially diluted in 1% BSA-PBS for 60 min at 37°C. After washing three times with 200 µl of 0.05% Tween 20 in PBS, the second antibody (1:20000 diluted), peroxidase-conjugated F(ab') 2 fragment goat anti-mouse IgG or IgM (Jackson Immuno Research Laboratories, West Grove, PA) was added to the wells and incubated for 60 min at 37°C. Coloring reaction was generated by the addition of 100 µl/well of TMB solution (Moss, Pasadena, MD). After reaction for 15 min at 37°C, the reaction was stopped with 100 µl/well of 1 M HCl. The absorbance at 450 nm was determined by a well reader (Seikagaku Kogyo, Tokyo, Japan).
Results
Characterization of antibody 6B6-reaction:
Small proteoglycans have been detected and include decorin and biglycan. The present study investigated whether the antibody 6B6 reacts to both small proteoglycans. As shown in Fig. 1a & b , it was confirmed by ELISA that the antibody 6B6 reacted to decorin but not to biglycan.
Immunohistochemical studies of proteoglycans: Immunohistochemical localizations of PG-M/versican (large proteoglycan), and decorin (small proteoglycan) were investigated in the dermis of 22-day-old Donryu rats and compared with those of 24-month-or 30-month-old ones.
As shown in Fig. 2a , the dermis of young (22-dayold) rats consisted of a fine and delicate network of collagen fibers, fibroblastic cells and capillary blood vessels, and the cellular density of fibroblastic cells was high. The difference between the papillary layer and reticular layer of the dermis was not so distinct. On the other hand, the dermis of old rats (Fig. 2b) was composed of relatively thick bundles of collagen fibers, among which fewer fibroblastic cells and capillary blood vessels were visible. The cellularity of fibroblastic cells was poor compared with that of young dermis. The papillary layer (which is right under the epidermis) was somewhat distinct from the reticular layer (deep zone), and seemed to consist of looser connective tissue.
(1) PG-M/versican, interstitial large proteoglycan, revealed with antibody 2B1
In the young rat dermis, numerous fibroblastic cells were visible, the majority of them clearly stained with 2B1, as shown in Fig. 3a 1 . The blood vessels were likewise positive. The border layer between epidermis and dermis was barely stained. Figure 3a 2 shows a high power field of fibroblastic cells; the cytoplasm and processes reacted positively to the antibody 2B1. Among the fibroblastic cells, there were scattered fine fibrous elements which were considered to be thin, long processes of the fibroblastic cells, most of which were 2B1-positive. Figure 3b 1 shows the 2B1 reactivity in the older rat dermis. The antibody 2B1-positive reaction was visualized in the blood vessels and in the linear border layer between the epidermis and dermis. The basal layer surrounding hair follicles was likewise stained with antibody 2B1. As shown in Fig. 3b 2 (high power  field) , only a few fibroblastic cells and fine fibrous elements were reactive.
(2) Decorin, small proteoglycan, revealed with antibody 6B6
Figure 4b 1 shows the antibody 6B6-reaction in the old rat dermis. The 6B6-positive reaction was clearly visualized on the fibrous elements which are diffusely distributed as a network in the dermis. As shown in Fig. 4b 2 (high power field) , in the border layer between the epidermis and dermis, the 6B6-reaction was observed more markedly. The 6B6-positive fibrous elements were somewhat denser in the upper dermis (papillary layer) than in the deeper dermis (reticular layer). The basal layer of hair follicles was found to be mostly 6B6-reactive. In the young dermis, however, only a weak reaction to antibody 6B6 was observed on the fibrous elements. The upper dermis (papillary layer) was somewhat reactive, and the fibrous connective tissue in the deeper dermis was faintly stained with 6B6 (Fig. 4a) . No clearly marked reaction could be observed in the border layer between the epidermis and dermis, though it was stained in the old dermis.
Discussion
The present results show that a large proteoglycan, PG-M/versican, revealed with antibody 2B1, is abundant in the dermis of young rats, while the old rat dermis contained mostly the small proteoglycan, decorin, which reacted to antibody 6B6. The antibody 2B1 was reported to react specifically with the large proteoglycan purified from a yolk sac tumor [12] . Kimata et al. [5] detected a large interstitial proteoglycan, PG-M, one of the major extracellular molecules, in the condensation area of chick limb buds and observed its disappearance with the development of the limb. A large interstitial proteoglycan, versican, was subsequently detected from human fibroblast cultures, and its primary amino acid sequences were deduced by cDNA cloning techniques [5] .
Recently, Shinomura et al. isolated a cDNA sequence which encoded the entire core protein of PG-M [11] . According to these authors, the deduced amino-acid sequence revealed the presence of specific domain structures showing a high homology with corresponding domains of versican. Furthermore, they detected the presence of alternatively spliced forms of PG-M core protein by cDNA-analysis, indicating that versican is one of the multiple forms of PG-M. Isogai demonstrated that the antigen to antibody 2B1 is any of the alternatively spliced forms of the PG-M core protein including versican [3] .
The immunohistochemical localization of large proteoglycan (PG-M/versican) has been studied in various kinds of tissues, neoplastic and non-neoplastic. Nakashima et al. postulated that 2B1-positive proteoglycan could be synthesized by immature mesenchymal cells from staining the original tumor tissue (yolk sac tumor) with antibody 2B1 [6] . In all the carcinoma tissues, the interstitial fibrous elements were consistently reactive to 2B1; the cytoplasm and processes of numerous fibroblastic cells adjacent to carcinoma cells were strongly reactive, and thin fibrous elements in the interstitium of carcinoma were diffusely stained [1, 7, 8, 14] . The 2B1 reaction to young rat dermis in the present study seemed to be quite similar to these interstitial elements of malignant tumors. The 2B1-positive mesenchymal cells were considered to be young active fibroblasts which could easily proliferate and be responsive to a stimulatory factor.
The antibody 6B6, raised against the small proteoglycan purified from a human ovarian fibroma capsule, has been reported to react with the intact molecules and the core molecules of small proteoglycans (Mr. ~47,000) purified from human fibroma, leiomyoma and neurogenic tumor, but the antigen against the antibody 6B6 has not been confirmed [12] . In the present study, we demonstrated that the antibody 6B6 reacts to decorin, but not to biglycan.
Urmacher [17] described how the dermal connective tissue is embedded in a ground substance consisting mainly of non-sulfated acid mucopolysaccharides, predominantly hyaluronic acid and, to a lesser degree, chondroitin sulfate. The core protein of the PG-M/ versican molecule has been found to contain a hyaluronic acid binding region [5, 20] . Nara et al. [7] found that the most intense 2B1-positive reaction was visible in the peripheral invasive areas of breast carcinomas, rich in hyaluronic acid. Thus, hyaluronic acid presents in association with the 2B1-positive molecule, the young rat dermis consisting mainly of 2B1-positive cells and fibers may contain a large amount of hyaluronic acid. In the present study, the young dermis hardly reacted with antibody 6B6, and this very weak staining with 6B6 could possibly be ascribed to the presence of hyaluronic acid surrounding the 6B6-positive fibers in the young dermis.
Decorin has been reported to be distributed diffusely in the connective tissues of adult organs, and was considered to be synthesized by mature (not proliferating) fibroblastic cells [6] . Ruoslahti et al. [9, 10] found that decorin functions as a modulator of growth factor. TGF-β binds to decorin which is associated with type I collagen in tissues. On the other hand, Yamaguchi and Ruoslahti [18] found that fibroblasts expressing decorin from a stably transfected cDNA construct grow to a lower saturation density than control cells lacking decorin; that is, the growth inhibiting mechanism, which may be related to contact inhibition of cell proliferation, is due to decorin synthesis in the fibroblasts. Not only does TGF-β bind decorin, but it also greatly enhances decorin synthesis in fibroblastic cells [9, 10] . It was suggested that contact mediated inhibition of cell proliferation may be mediated through production and deposition of decorin. In the present results, decorin was observed to be very rich in the old rat dermis, in which 2B1-positive fibroblastic cells were hardly visible, therefore explaining repair delay in wound healing in these cells. Tauchi and his co-workers have investigated age differences in histological and cytological features of many kinds of organs such as human liver, kidney, heart and rat liver [15, 16] . Based on results obtained from numerous morphological aspects of aging tissues, Tauchi has proposed the existence of a humoral inhibitory factor for cell proliferation, and the level of "the inhibitory factor" has been considered to increase with advancing age. From the present results showing that the old rat dermis was composed mainly of decorin-rich fibers which were scarce in young rats, it is conceivable that decorin is one of the Cell Growth Inhibitory Factors in aging proposed in numerous papers by Tauchi et al. [15, 16] .
